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LANDING GEAR FOR NOSE-WHEEL EQUIPPED PLANES’ 

Landing and takeoff procedures require that airplanes land and take- 
This requires  la rge  a i r s t r i p s  and it i s  of ten nee- off against  the  wind.  

essary f o r  planes t o  land and takeoff from l imited s i z e  runways. This 
i s  d i f f i c u l t  and dangerous during crosswinds, pa r t i cu la r ly  during shor t  
gusts  because the  l a t e r a l  tiu-usta c a s e  the  c r & t  to veer from i t s  course 
and car ry  it over the  narrow rmway. With su i tab le  maneuvering and wheel 
brake appl icat ion it i s  possible t o  counteract t h i s  l a t e r a l  displacement. 
However, great  s k i l l  i s  required since only a minimal amount of time i s  
ava i lab le  f o r  the  operation and with a v io len t  wind blowing on the  side 
of t he  c r a f t ,  it i s  c l e a r l y  impossible t o  prevent i t s  being driven off 
the  narrow rimway. 

To eliminate t h i s  danger, previous attempts have been made t o  make 
the  wheels of t he  plane control lable ,  and it has been proposed t h a t  p r i o r  
t o  landing, the p i l o t ,  with the a id  of a measuring instrument t h a t  per- 
mits determination of the  plane’s angle of d r i f t ,  ad jus t  the  wheels of 
the c r a f t  i n  such a way that they coincide w i t h  the  d i rec t ion  of t r a v e l ,  
whereby i n  touching the  rmway the wheels can r o t a t e  without introduction 
of l a t e r a l  s t resses .  
employ a drag skid behind the center of grav i ty  t o  counteract the known 
tendency of such planes t o  veer from t h e i r  d i rec t ion  of movement. I n  
nose-wheel planes which s t a b i l i z e  themselves because the  said wheel i s  
f r e e l y  or ientable ,  t h i s  supplementary device i s  dispensed with. To con- 
t r o l  t he  airplane during oblique landings on a narrow runway, it has been 
furt3er proposed that control  of the nose-wheel be allowed fo r .  

It has a l so  been proposed t h a t  tail-wheel planes 

A l l  these devices fo?  control  e n t a i l  a r e l a t i v e l y  high cost  of con- 
s t ruc t ion  and do not lead t o  a solut ion of the problem; namely of being 
ab le  to land and takeoff. without danger on a narrow runway during c ross  
winds. 
of t he  modern automobile. I n  this case the dangers a r e  known and demon- 
strated. D u r i n g  s ide  winds, pa r t i cu la r ly  with unexpected gusts ,  t he  ve- 
h i c l e  careens without warning and t h i s  danger increases with increasing 
speed. 
dr iver  can correct  it by s teer ing  action. 

The operating conditions of such planes roughly approximate those 

A t  high speeds the vehicle  can run over t he  verge before the 

The speeds of landing and takeoff f o r  planes a re  r e l a t i v e l y  high, 
and t h e  p i l o t  can counteract the  l a t e r a l  dr i f t  of the c r a f t  only after 
a ce r t a in  react ion t i m e  has elapsed (moments of d i sor ien ta t ion) .  

Translation of I t a l i a n  Patent No. hog,389, Class V I I I ,  t o  Forschungs- 
i n s t i t u t  f& Ki.aftfahrwesen und Fahrzeugmotoren an der Techn. Hochschule 
S t u t t g a r t ,  of Germany; application f i l e d  5 July 1943; patent  granted 
11February 1945; pr in ted  June 1946 [ P r i o r i t y  claimzd i n  Germany 8 s  of 
23 Noveniber 19401 

1 



2 

Since i n  the  case of la rge  c r a f t  the wheels could not  be d i r e c t l y  
cont ro l led  manually, the shift  brought about by the  suggested controls  
would s t i l l  be delayed a s  a reslilt of the l a g  &de t o  operation of the 
mechanism by a senxmotor , acceleration of the  wheel mass, overcoming 
of f r i c t i o n a l  res i s tance  and play. Thus, the landing operation ~II s ide  
winds poses grave problems f o r  the p i l o t  with such controls  a t  his dis- 
posal  and the  problems are not always resolvable.  

During a steep &SCZII~ ,  %be dmger  of crashing i s  p a r t i c u l a r l y  grea t  
because according t o  t h e  proposals previously advanced, the p i l o t  must 
ad jus t  the  wheel of t he  plane i n  the d i rec t ion  of t he  determined course 
with the a i d  of a drift  indicator  apparatus, 
problem t o  the mul t ip l i c i ty  of observations t o  be made by the  p i l o t  dur- 
ing landing. With an erronems or i n su f f i c i en t ly  prec ise  adjustment of 
the wheel, a dangerous l i f t  occws that can be compared roughly t o  the  
condition of an automobile l i f t e d  by unevenness, and subsequently fall- 
ing  back onto the  road a t  an angle i n  r e l a t i o n  t o  the  d i rec t ion  of t r ave l .  

Thus the re  is  added another 

The previously proposed means of enabling a plane t o  land on a nar- 
row runway during crosswinds cannot therefore  i n  any circumstance be 
regarded as simple or safe. 

The invention relates therefore t o  the  problem of making the  land- 
ing,  takeoff and t ax i ing  of airplanes on r e s t r i c t e d  ranways and i n  cross  
winds safe, and achieving an automatic elimination of the dis tur5ing 
effect of the wind impinging on the s ide of the c r a f t ,  so that even i n  
most d i f f i c u l t  circumstances the p i l o t  can land w i t h  the same precis ion 
as on a large airfield i n  a direct ion counter t o  that of t h e  wind. The 
novel conformation of the airplane and i ts  landing gear a l s o  f a c i l i t a t e s  
takeoff on a r e s t r i c t e d  rllnway in a d i rec t ion  which i s  a t  an oblique 
angle t o  or perpendicular t o  that of the wind. 

Substant ia l ly ,  the invention is  based on tlrle f a c t  t h a t  i n  the  nose- 
wheeled airplane,  with the sa id  wheel f r e e l y  or ien tab le ,  i . e . ,  designed 
as a drag wheel but  damped a t  peak load, the  point  of appl icat ion of the 
r e s u l t a n t  of the lateral forces  i n  the a i r c r a f t  on l e v e l  ground i s  l o -  
cated i n  one v e r t i c a l  plane and subsequently the fo rce  passes through the  
geometrical axis of the pr inc ipa l  wheels, which a r e  not or ientable .  

The schematic shows i n  plan view how the l a t e r a l  forces  of t he  wind 
a c t  on the  a i rp lane ,  i n  one instance when the  c r a f t  i s  constructed i n  the 
usual manner, and i n  another instance i n  which it i s  designed i n  accord- 
ance with the  invention. 

Figure 1 shows an airplane with standard landing gear,  equipped w i t h  
a t a i l  wheel. 

Figure 2 shows an airplane with nose-wheel landing gear. 
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Figure 3 shows, i n  four  posi t ions assumed successively by the  a5r- 
plane i n  landing and designated I-IV,  t h e  e f f e c t  of t h e  conformation and 
of t h e  nose-wheel arrangement of t h e  invention. 

Figure 4 shows i n  fou r  successive posi t ions,  designated I - I V ,  t h e  
e f f e c t  of a later improvement of t h e  invention. 

I n  the  landing gear shown i n  Figure I, with t a i l  wheel (a )  i n  which 
t h e  axis of the p r l z c i p d  wheels (b) mus t  be located before t h e  center  of 
g rav i ty  (s) t o  prevent nosing over of t h e  plane i n  tax i ing ,  a wind at. 
angle Vr which i s  generated by t h e  combined e f f e c t  of wind (V) produced 

by the airplane and side wind (S) (see diagram of velocity, Figure 1) 
produces a r e s u l t a n t  which can a g a i n  break up i n t o  a force  ac t ing  i n  t h e  
longi tudina l  d i r ec t ion  of t h e  airplane and i n  a la teral  path (P) perpen- 
d i c u l a r  thereto.  
bu t  it a l so  causes a ro t a t ion  which subs t an t i a l ly  i s  around t h e  p r inc ipa l  
wheels (b). T a i l  wheel (a )  which generally i s  free t o  move, i s  not i n  a 
pos i t ion  t o  prevent these  ro t a t ions  because it cannot absorb any lateral  
t h r u s t .  

The l a t e r a l  t h r u s t  not only causes t h e  a i rp lane  t o  veer, 

If t h e  e f f ec t ive  s ide  wind component assumes the  d i r e c t i o n  of arrow 
(p) and if the  point  of lateral  thrust appl ica t ion  (1) i s  behind t h e  
center  of grav i ty  ( s )  of t h e  c r a f t  (as i s  u s u a l  and necessary f o r  sta- 
b i l i t y ) ,  t h e  ai rplane w i l l  be turned i n  t h e  d i r ec t ion  of arrow (9). The 
plane w i l l  be  ro ta ted  against  t h e  wind i n  proportion t o  the i n t e n s i t y  of 
t h e  s ide  wind and w i l l  therefore  be forced o f f  t h e  runway. 

I n  t h e  nose-wheel landing gear recent ly  developed (Figure 2) t h e  
center  of grav i ty  of t h e  airplane m u s t  be  located ahead of the p r inc ipa l  
wheels (b) .  The forward positioned center  of grav i ty  (s) s t a b i l i z e s  t h e  
airplane.  

The c r a f t  has a tendency t o  t r ave l  l i n e a r l y  unless t he re  i s  a pre- 
dominant side wind. A lateral  wind thrust (p) w i l l  produce a r o t a t i o n a l  
movement around t h e  pr inc ipa l  wheels (b) and therefore  t h e  a i rp lane  w i l l  
tu rn ,  t h i s  t i m e  i n  t h e  d i r e c t i o n  opposite t o  t h a t  indicated i n  Figure 1, 
thus  jeopardizing t h e  rate of t ravel  because t h e  nose wheel i s  e i t h e r  
free t o  move o r  damped only f o r  t r ans i to ry  v ibra t ions  and cannot transmit 
notable l a te ra l  forces .  

The problem now cons is t s  i n  preventing t h e  generation of an aero- 
dynamic moment by a gust of cross wind and consequent tu rn ing  of t h e  
airplane around t h e  guide wheels. This i s  a t ta ined  i f  i n  t h e  a i rp lane  
(constructed i n  accordance with aerodynamic conditions and having a pre- 
c i s e l y  determined center  of gravi ty  and a determined point  of appl ica t ion  
behind t h e  center  of grav i ty  f o r  the  aerodynamic force  ac t ing  on i t s  
side) t h e  fixed landing gear i s  so placed t h a t  center  of g rav i ty  (s), as 
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required i n  t h i s  model, i s  located before t h e  point  of contact of the 
p r inc ipa l  wheels (b) with the  ground, and t h e  point  of appl ica t ion  of 
t h e  la teral  aerodynamic t h r u s t  f a l l s  on t h e  geometric ax is  of t h e  said 
p r inc ipa l  wheels. 

Then t h e  airplane can no longer be ro ta ted  by t h e  fo rce  of t h e  
c ross  wind as i n  t h e  arrangement of Figure 2, b u t  a t  most it can be 
moved p a r a l l e l  t o  i t s  course because of a lateral  thrust exerted upon 
t h e  p r inc ipa l  wheels (b). Pigme 3 i l lustrates t h i s  behavior. 

I n  posi t ion I t h e  a i rp lane  i s  s t i l l  airborne i n  t h e  d i r ec t ion  of 
motion indicated by arrow (a)  which corresponds t o  t h e  d i r ec t ion  of the  
narrow landing s t r i p .  This i s  however placed as r e q u i r e d  aga ins t  t h e  
d i r ec t ion  of t h e  wind designated by arrow (e).  

The plane has j u s t  touched ground when t h e  la teral  t h r u s t s  developed 
i n  r e l a t i o n  t o  pr inc ipa l  wheels (b) i n  unison with t h e  components of 
fo rce  act ing i n  t h e  d i r ec t ion  of movement (e) tend t o  t u r n  t h e  a i rp lane  
i n  d i r ec t ion  (a) .  The f r e e l y  movable nose wheel (e )  i n  t h i s  case i s  an 
in s ign i f i can t  f a c t o r  i n  inh ib i t i ng  the  displacement. 

With pos i t ion  I1 t he re  i s  represented an intermediate pos i t ion  f o r  
t h e  moment of first contact with the  ground, while pos i t ion  I11 illus- 
t ra tes  the  f i n a l  o r i en ta t ion  i n  t h e  d i r ec t ion  of t h e  landing s t r i p .  
lateral  thrust of t h e  wind, because it i s  applied a t  a point  (1) which 
i s  i n  t h e  center  of ax i s  (b) of t h e  pr inc ipa l  wheels, can no longer cause 
t h e  a i rp lane  t o  r o t a t e  as i n  Figure 2, b u t  only moves the  plane p a r a l l e l  
t o  i t s  course from pos i t ion  I11 t o  posit ion I V  with skidding of wheels (b). 

The 

If t h i s  lateral  movement occurs very swif t ly ,  t h e  mass fo rce  ac t ing  
upon center  of grav i ty  (s) which i s  located forward produces a r o t a t i o n  
of the  airplane i n  t h e  d i r ec t ion  of wind (e) and thereby a p a r t i a l  com- 
pensation of t he  la teral  skidding. 
placement with r e l a t i v e  ease and safety by adequately adjusting and 
braking the  wheels. 

The p i l o t  can counteract slow d i s -  

Thus according t o  t h e  invention t h e  turning of t h e  a i rp lane  i n  t h e  
d i r ec t ion  of t h e  wind can be at ta ined automatically and with g rea t e r  
securi ty ,  and t h e  crabbing motion of t h e  a i rp lane  can be  avoided t o  a 
s u f f i c i e n t  degree if  t h e  a x i s  of the pr inc ipa l  wheels (b) i s  moved s t i l l  
a l i t t l e  f a r t h e r  forward and thus  ahead of t h e  poin t  of appl ica t ion  of 
aerodynamic thrust (1) (Figure 1). 
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I n  landing t h e  same phenomena are manifested as shown i n  pos i t ions  
I and I1 of Figure 3. 
t he  d i r ec t ion  of t h e  runway, b u t  under the  e f f e c t  of t h e  couple o r i g i -  
nating from t h e  s i d e  wind, it i s  rotated by angle a i n t o  pos i t ion  I11 
agains t  wind (e) and t h i s  ro ta t ion  can a t t a i n  such a value t h a t  it 

Here the  plane does not o r i e n t  i t s e l f  e n t i r e l y  i n  
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eliminates t h e  crabbing effect rneiitimed &cvel so t h a t  therefore  t h e  
a i rp lane  i s  borne automatically from pos i t ion .111  t o  pos i t ion  IV and 
thus  maintains i t s  pos i t ion  on t h e  narrow runway. 

WTt'n t h i s  arrmgenent the airplane i s  thus  unaffected by the  cross  
winds when t h e  plane i s  i n  motion. 
d i f f e r  from those f o r  which t h i s  novel arrangement of landing gear w a s  
conceived, t h e  harmful effect  of t h e  cross  wind will be at  least so much 
reduced and slowed t h a t  t h e  p i l o t  w i l l  have s u f f i c i e n t  t i m e  t o  cor rec t  
t h e  course by operating G'ls c m t r o l s .  
without danger, even with side gusts. 

Even when conditions preva i l  t h a t  

Landing w i l l  then be effected 

Consequently, according t o  the invention , a subs t an t i a l  increase i n  
landing and takeoff secur i ty  i s  at ta ined,  and it becomes possible t o  u s e  
less elaborate a i r f i e l d s  . 

Airplanes with nose-wheel landing gear, t h e  sa id  nose wheel being 
free, characterized i n  t h a t  the point of appl ica t ion  of t h e  r e su l t an t  of 
t h e  lateral  forces  due t o  t h e  a i r  i n  t h e  case of an a i rp lane  on l e v e l  
ground i s  located i n  one plane and t h a t  t h e  said fo rce  subsequently 
passes v e r t i c a l l y  through the  geometrical axis of t h e  p r inc ipa l  wheels 
(b) which are not or ientable .  

Translated f o r  t h e  National Aeronautics and Space Administration by 
John F. Holman and Co. Inc. 


